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Much effort is currently being expended in nanotechnology 

and other fields to build biomimetic, or nature-inspired, materials.  
The first step in this process is often to develop a more complete 
understanding of the structure and chemistry of biological systems.  
In this article, we will compare and contrast data col-
lected on a common biological sample, a butterfly 
wing, using a variety of analytical techniques.  Trans-
mission Electron Microscopy (TEM) was used in 
order to perform bright field imaging of the sample 
cross section; Light Microscopy (LM) and Scanning 
Electron Microscopy (SEM) were used to provide 
structural information of the outer wing surface at 
various magnifications; Time-of-Flight Secondary 
Ion Mass Spectrometry (ToF-SIMS) was used in or-
der to image the chemical composition of the outer 
most surface layer; and Focused Ion Beam (FIB) techniques were 
used to cut (micro machine) features into the wing.  Each of these 
analytical techniques has sample preparation and data collection 
challenges that will be summarized and compared.  We will dem-

onstrate that these analytical techniques provide complimentary 
information that helps the researcher understand the sample [1].   

Figure 1 shows a photo of a Morpho Menelaus butterfly.  Light 
microscopy measurements were performed using an Olympus BH-2 
microscope coupled to an Ocean Optics Model ST2000 spectro-
fluorometer to measure the fluorescence spectra.   Figure 2 shows 
transmitted light (left), reflected light (middle), and fluorescence 
light (right) micrographs revealing the layout of the scales, the re-
flectivity of the scales, and the native florescence of the scales.  The 
three bright scales in the transmission image (left), and the three 
gold colored scales in the reflectance image (middle), correspond 
to regions of the wing that have two or more layers of scales.  The 
reflectance image reveals the spectral and spatial distribution of light 
produced by the structural color of the scales [2].  A fluorescence 

spectrum of the top butterfly wing surface is shown in Figure 3.  The 
fluorescence spectrum was collected using 355 nm excitation, and 
was not corrected by the spectral response of the optical system. 

Light microscopy allows for rapid evaluation of butterfly wings 
with minimal sample preparation in air (and also under gaseous 
and/or liquid environments).   Fluorescence spectra provides 
indirect chemical information (the analyst detects the energy of 
emitted photons, correlates the photon energy and peak shape 
with emission spectra of known fluorophores, and then extracts 
chemical information).     

Secondary Electron (SE) images of the Morpho butterfly wing 
were collected using a Zeiss Supra 55VP SEM.   A small section 

of the wing was attached to an SEM pin stub using silver paint.  
A thin Pt coating (close to a monolayer) was sputtered onto the 
sample in order to minimize sample charging.  Charging artifacts 
were further minimized by using a rapid scan rate.  Figure 4 shows 
SE images taken at 3kV, 0o tilt, and various magnifications.  The 
low magnification SE image (Figure 4, top) provided an overview 
of the cover and ground scales, the higher magnification images 
(middle and bottom) provide additional detail regarding the ridge, 
lamellae, and microrib structures.  

An FEI NOVA 200 Dual Beam FIB-SEM instrument was used 
to cut (micro machine) features into a wing scale.  Figure 5 shows 
SE images collected in the FIB-SEM instrument on a butterfly wing 
that has finer microrib structures (than present in Morpho butter-
fly wings).  The top panel shows low magnification SE images of 
the FIB cut at a sample tilt of 52o. The bottom panel shows high 
magnification SE images prior to and after FIB cutting (left, 0o tilt; 
right 52o tilt respectively).  

Figure 1.  Optical photograph of a Morpho Menelaus butterfly wing. 

Figure 2. Transmitted light (left), reflected light (middle), and fluorescence light (right) 
micrographs of a Morpho butterfly wing.  

Figure 3. Fluorescence spectrum of a Morpho butterfly wing.  
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I n - s i t u 
SEM analysis 
of FIB cuts al-
lows the ana-
lyst to view 
the internal 
s t r u c t u r e 
through the 
m i c ro - m a -
chined cross 
section.  Sec-
tions of but-
terfly wings 
were mount-
ed using sil-
ver paint.  Pt 
coating pro-
tocols similar 
to those used 
for SEM (as 
m e nt i on e d 
above) were 
employed; for 
FIB-SEM, the 
Pt thickness 
was slightly 
greater than 
for SEM.  FIB 
milling was 
carried out 
u s i n g  l o w 
b e a m  c u r-
rents (10 to 
30 pA) in or-
der to mini-
mize damage 
of the delicate 

wing structures.  Moderate sample preparation is needed for both 
SEM and FIB-SEM analysis. 

TEM was used to perform bright field imaging of the Morpho 
butterfly wing cross section.  The TEM analysis was performed 
using a FEI CM 100 instrument operating at 100 kV accelerating 
voltage.  Sections of butterfly wings were coated with Pt in order to 
enhance contrast.  The Pt coated wing was then mounted in epoxy 
and microtomed at room temperature (thickness 
~ 80nm).   TEM images are shown in Figure 6, the 
pillar structures are clearly visible.   

Surface analysis of butterfly wings was per-
formed using an ION TOF model ToF-SIMS IV 
instrument [3]. A small section of the wing was cut, 
laid flat onto the sample holder, and placed under 
a flat metal plate with 3mm diameter holes.  A low 
energy electron flood gun was used to stabilize the 
surface charge during analysis.  ToF-SIMS images 
were collected at various magnifications (500 mi-
cron to 8 micron imaged areas).  At each pixel in a 
ToF-SIMS image, an entire mass spectrum is saved.  
ToF-SIMS spectra provide both elemental informa-

tion (all elements including H) as well as high mass molecular 
peaks (lipids, proteins, etc).  A Bi3

+ cluster primary ion beam was 
used for the analysis shown here in order to increase the yield of 
high mass species [3].  ToF-SIMS spectra contain thousands of 
peaks and advanced multivariate statistical analysis (MVSA) tools 
are useful for converting the massive amount of information into 
a smaller number of chemical components (which are represented 
by a spectral signature and an image showing the lateral distribu-
tion of each chemical component) [4].  We are using the AXSIA 
based MCR algorithm developed at Sandia National Laboratories 
for MVSA analysis of ToF-SIMS data [4].  The left panel of Figure 
7 shows colored overlays of component images generated at three 
magnifications from a section of the same butterfly wing analyzed by 
FIB-SEM (Figure 5).  The right panel of Figure 7 shows the spectral 
signature of the 5 chemical components for the middle (300 µm) 
image.  These results demonstrate that the chemical composition 
of the native wing is not uniform.  

Sections of Morpho butterfly wings were functionalized using 
metal porphyrin complexes.  The right panel of Figure 8 shows the 
structures of the metal porphyrins used, as well as control ToF-SIMS 
spectra of the metal porphyrins (on a clean Si wafer).   Note that, 
using ToF-SIMS, we are able to detect the intact metal porphyrin 

Figure 5. SE images collected in the FIB-SEM instrument.   The top 
panel shows low magnification images of the FIB cut at a sample tilt of 
52°. The bottom panel shows high magnification images prior to and after 
FIB cutting (left, 0° tilt; right 52° tilt respectively).  

Figure 6.  Bright field TEM images of Morpho butterfly wing cross section.   

Figure 4. SE images of a Morpho butterfly wing taken 
at 3kV, 0° tilt, and various magnifications. 

18  MICROSCOPY TODAY November 2006

6638_Micro:Nov_Dec  11/2/06  11:32 AM  Page 18

https://doi.org/10.1017/S1551929500058831  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500058831


MICROSCOPY TODAY November 2006 19MICROSCOPY TODAYAY November 2006 19

6638_Micro:Nov_Dec  11/2/06  11:32 AM  Page 19

https://doi.org/10.1017/S1551929500058831  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500058831


Figure 8. Structures of metal porphyrins and control ToF-SIMS spectra 
of the metal porphyrins (right panel). The ToF-SIMS images (left panel) 
show the lateral distribution of the metal porphyrins, species indicative of 
the chemistry of the unfunctionalized Morpho butterfly wing, and color 
overlays.  

Figure 7.  The left panel shows color overlays of MVSA component 
images generated from ToF-SIMS analysis (three magnifications).  The 
right panel shows the spectral signature of the 5 MVSA components derived 
from the middle (300 mm) image. 

complexes.  For the Co-porphyrin (top panel, Figure 8) the Co-
porphyrin dimer species is detected at 1,718 amu.  The ToF-SIMS 
images (left panel, Figure 8) show the lateral distribution of the 
metal porphyrins (both the intact parent species as well as lower 
mass fragment ions), species indicative of the unfunctionalized 
butterfly wing, and color overlays.   It is noted that different por-
phyrins adhere to select regions of the wing, suggesting a chemical 
heterogeneity of the wing surface.  

In this article, we show that different analytical techniques 
provide complimentary information that helps the researcher un-
derstand the sample. 
1) Light Microscopy allows imaging at micron lateral resolution, 

and provides a cursory view of the wing with minimal sample 
preparation.  The low native fluorescence of pigment mol-
ecules shows that the brilliant colors of the Morpho wing are 
based on structural features and not on pigments [2].

2) SE images reveal structural details of wing surface (ridge, 
lamellae, microribs).  

3) FIB-SEM allows for micro-machining of delicate samples such 
as butterfly wings and also provides in-situ SEM imaging of 
the internal structures of the wing.  

4) TEM provides bright field imaging of the interior structure 
(cross section) of the butterfly wing.  The repeated, stacked 
pattern of microstructures cause the diffraction and inter-
ference of light and gives rise to the structural colors of the 
butterfly wing [2].

5) ToF-SIMS allows for the identification and imaging of the 
chemical composition and spatial distribution of species such 

as lipids, protein fragments, and metal poryphrin dyes. ToF-
SIMS images of the spatial distribution of chemically specific 
dyes highlights the different chemical environments present 
on the wing structures. MVSA statistical analysis tools are 
useful for converting the massive amount of chemical infor-
mation into a handful of components.  

We would like to thank our management team at General 
Electric Global Research Center for funding the analysis reported 
here.  
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